AD-A209 306

AFIT/GST/ENS/89J-2

CSAR AIDE: DESIGN REQUIREMENTS FOR A
COMBAT SEARCH AND RESCUE
DECISION SUPPORT SYSTEM FOR
JOINT RESCUE COORDINATION CENTEKS

THESIS
Mark E. Bracich
Captain, USAF D T l ‘ :

AFIT/GST/ENS/89J-2 TILECTE
JUNl 9 1989

Fac ]

1N c

@

2"

l\.@

Approved for public release; distribution unlimited




AFIT/GST/ENS/89J-2

CSAR AIDE:
DESIGN REQUIREMENTS FOR A
COMBAT SEARCH AND RESCUE DECISION SUPPORT SYSTEM

FOR JOINT RESCUE COORDINATION CENTERS

THESIS

Presented to the Faculty of the School of Engineering

of the Air Force Institute of Technology

Air University

in Partial Fulfillment of the

Accession For

(B A
Requirement for the Degree of NTI5 GPA&I
PTIC TAS
Master of Science in Operations Research | Ui nnounced 0O

Jutification

B __ .

Distritutiony

Avnll-r{lity Codes
! Avall and/or

Mark E. Bracich, B.S., M.A.M. S ; Speclal
Captain, USAF A_”
June 1989

Approved for public release; distribution unlimited




Preface
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Abstract

b This thesis 1s an epplication of a methodolgy being researched
at AFIT to define requirements for decision aids. The specific
application of interest is Combat Search and Rescue Command and

Control at the Joint Rescue Coordination Center.

It covers the current status of information management and control in
the JRCC and recommends the development of an integrated decision

support system (DSS). Such a system should be designed to aggregate
information, provide the user with modeling and "what if" capability,

and present data and model results in a manner which facilitates the

decision making process.

An adaptive design methodology was used to capture requirements and
ensure the design suggested meets JRCC needs. Modifications to the
methodology are suggested. The result of this effort may be used as

the cornerstone for a Statement Of Need for an automated Decision

Support System to aid decision makers in the JRCC. e Pl e AT
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CSAR AIDE:
DESIGN REQUIREMENTS FOR A
COMBAT SEARCH AND RESCUE DECISION SUPPORT SYSTEM
FOR JOINT RESCUE COORDINATION CENTERS

-

Introduction & Background

CSAR missions must be successfully conducted to
presesrve and return to duty critical manpower resources,
deny the eneay a source of intelligence, and contribute
to the morale and mission motivation of combat forces
(from AFM 1-1j. Additionally, CSAR may provide for the
safeiy and protection of U.S. civilians, and (if
applicable) designated foreign nationals.

(ALFA:5)

Combat Search and Rescue - The Mission

During the Southeast Asia (SEA) conflict, search and rescue
(SAR) operations for American aircrews downed in hostile territory
frequently took precedence over other ongoing warfighting activities.
The American military (especially the air components of the various
services) placed a very high priority on SAR. It often seemed that
no price was too high when it came to recovering highly-trained,
experienced aircrews and denying the enemy a potentially valuable
intelligence source and propaganda tool. Early in the SEA conflict,
the US, with virtually uncontested air superiority, realized the
value of the search and rescue task force (SARTF)--a conglomeration
of rescue helicopters and their fighter escorts, combat air patrol
(CAP) packages, forward air controllers (FACs), airborne mission
commanders (AMCs), and air-refueling tankers. Sometimes these

operations were carefully thought out and executed, but due to the
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nature of rescue and recovery operations, they often 'just happened."
It was not out of the question for major air strikes to be postponed
and the aircraft diverted to support rescue operations by providing
air-to-ground firepower, CAP, or a diversionary air strike to draw
eneny forces away from the recovery area (McConnell, 1985:70). While
this bolstered aircrev morale, it did little to support what should
have been our overall objectives in SEA. With the vast "air armadas"
rallying to the rescue, enemy ground forces, now uninhibited by the
deadly threat from the third dimension, were free to resupply and
maneuver. Often the enemy would set up "flak traps" around a downed
flyer, using him as bait to lure other aircraft into a deadly ring of
antiaircraft artillery (AAA), surface-to-air missiles (SAMs), and
intense small arms fire (Tilford, 1980:1, 42, 65, 67, 88, 92).
Usually, our response to this prcblem was simply to apply more
firepower.

Sometimes this "brute force" approach worked--often it did not.
There are several cases where an entire rescue helicopter crew
(Anderson, 1980:85) or several additional aircraft (Tilford,
1980:118) were lost trying to recover one man in the face of
overvhelming enemy air defenses and ground fire. With the advent of
more sophisticated enemy air defenses, it became obvious that quite
often the SARTF would not be the best course of action.

Enter the "New Age" of Combat Rescue. In the late 1970s and
early 1980s the Aerospace Rescue and Recovery Service (ARRS) began

moving away from the SARTF concept toward more clandestine operations

traditionally under the heading of "special operations." This
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culminated in the 198) merger of Rescue and Special Operations under
the newly formed Twenty-third Air Force (23AF) of the Military
Airlift Command (MAC). From 1983 to 1987 Rescue took the "back seat”
to Special Operations, politically and financially. The Aerospace
Rescue and Recovery Service lost its "operational" resources and all
but disappeared. The name remained only to denote the organization
responsible for Rescue Coordination Centers. Several rescue units
vere closed and funding virtually disappeared for major rescue
progranms.

The future however, looks brighter; at least from the Rescue
viewpoint. It seems that, in the face of concern about the future of
USAF's role in providing vertical airlift support for special
operations and the war-fighting major commands' reluctance to see
rescue capability disappear, Rescue is making a comeback. The
current "Concept of Operations for Combat Rescue" according to 23AF

(Bridges, 1988), reads like a Special Operations job description.

Table 1.1. Concept of Operations for Combat Rescue

- Long range, clandestine operatiuns
- Hostile airspace penetration

- Precise navigation to avoid threats
- Night/adverse weather

- Low level

- Thorough mission planning

- First pass insertion/extraction

- Search/reception by surface teanms

The reader should note that this concept does not involve any

"search" by aircraft. The loitering required to search for a downed
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pirlot 1n most modern scenarios is prohibitive. The mission, however,
still requires target (e.g. the downed crew) acquisition and
i1dentification. Consequently, the continued use of the term "Combat
Search and Rescue (CSAR)" 1s still warranted, and is used
interchangeably with "Combat Rescue” or, simply "Rescue."”

Distincti- s will be made where necessary.

There are, obviously, many different scenarios that might
involve the need for Combat Rescue; anything from a small recovery
force supporting a quick raid on a relatively low-threat target (e.g.
Grenada) to major involvement of several scuadrons in a full scale

conflict against a powerful adversary.

75

Command and Control of CSAR

The command and control (C2) of Rescue resources throughout
the spectrum of conflict is a key issue facing military planners
today (Ziehm, 1988). This is evidenced by the DoD's pledge to
publish joint doctrine on the subject in the near future and the
current restructuring of the Rescue community. It seems the marriage
of Rescue and Special Operations is ending in divorce, with the
"Angel of Mercy" coming away meaner (more "special” capabilities) and
richer (by way of fiscal attention) than when the union began in
1983. Closer to the task at hand is the current effort to construct
an "automated command and control systea" for the RCC as an add-on to
MAC's Integrated Planning System (Marsh, 1989; Electronic Systems
Division, 1988). Command and control of Combat Rescue is obviously a
topic of great concern to many people in DoD. Hopefully, this thesis

will provide some ideas to those responsible.
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Figures 1.1 and 1.2 give an in-depth look at the current
thought on the typical generic CSAR command and control
relationships. Figure 1.1 is the structure most likely employed at
the theater level. while Figure 1.2 shows the relationships between

the various components of a Joint Task Force (JTF).
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Figure 1.1. JRCC Relationships in the Theater C2 Structure
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Perhaps the best explanation of Figure 1.1 is oftered by the
accompanying text from Headquarters Military Airlift Command:

The designated regional commander or theater CINC [Commander-
in-Chief] (both the SAR coordinator--SC) establishes a command
and control network that can effectively task and control
resources allocated to a SAR mission. Policies and procedures
for component and sub-unified commanders to provide resources
are normally stated in theater directives, service and JCS
documents, and the OPLAN/OPORD [Operations PLAN/OPerations
ORDer) governing a particular CINC tasking. (Note: When an
allied SAR system exists, US command and control arrangements
should permit timely integration/coordination with the host.)

COMMAND Command less OPCON [OPerational CONtrol)] normally
remains with the service of the resource involved. (i.e., for
USAF dedicated SAR resources--MAC through 23 AF through
commander combat rescue forces.; for fighter support--TAC
(Tactical Air Command] through NAF (Numbered Air Force] through
deployed wing; etc.)

OPCON The SAR mission coordinator (RCC) normally exercises
OPCON of resources assigned for each SAR mission. Control is
exercised through the component SAR controller assigned to the
RCC. Military commanders may retain control of their forces
conducting SAR for their own forces. (i.e., In the case of
USAF dedicated SAR resources--SC through SMC through USAF SAR
controller through tasked unit commander., where the USAF
controller is the MAC provided SAR controller. In the case of
USAF fighter support resources--SC through SMC through USAF SaR
controller through tasked unit commander., where the USAF
controller is the TAF (Tactical Air Forces] provided
appropriately qualified fighter liaison officer.)

TACTICAL CONTROL Tactical control of SAR committed resources
is normally exercised by the agency responsible for the overall
coordination of activities occurring within a designated area
(land, sea, or air). Typical tactical control facilities
include TACCs [Tactical Air Control Centers] (AFFOR), CAMEs
(Army), ATCOs/SOCs (NATO), etc.

NOTE: SARDOs [SAR Duty Officers) and SARLOs [SAR Liaison
Officers] enhance the command and control process by providing
necessary interface to facilitate rescue mission coordination
within the theater/area command and control network and betwe=2n
other Services [!espectively). For instance, within the TACC,
the SARDO/SARLO can assist the RCCs and tasked units with
tactical clearance coordination as well as keep these agencies
informed of on-going or planned air/ground operations which may

impact rescue operations.
(Capacik, 1988)
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Figure 1.2 illustrates how the JRCC fits into the overall

command and control structure of a Joint Task Force (JTF).

COM
JOINT
FORCE

COM
AFOR

lRccH  [reck)  [Rech (Rt

SRU(S) SRU(S) SRU(S) SRU(S)| [SRU(S)

LEGEND:

DARK LINE = OPCON IAW JCS PUBS 1 AND 2
(OPCOM IF COM JOINT FORCE IS A CINC)

LIGHT LINE = COORDINATION/REPORTING (RCCs MAY BE COLLOCATED W/ THE
JRCC AND SOME PERSONNEL MAY BE "DUAL HATTED" SUCH THAT THE SERVICE
RCC MAY NOT BE A SEPARATE ORGANIZATION. THIS WOULD REDUCE MANNING
REQUIREMENTS, WHICH MAY BE CRITICAL IN A COMBAT ENVIRONMENT)

SRU = SAR REPORTING UNIT

Figure 1.2. JRCC Relationships in the Joint Task Force c2 Structure
(ALFA, 1988:1-11)

Of special interest to the author was the OPCON, or OPerational
CONtrol, of the resources involved. In particular, who is making the

key, day-to-day decisions affecting the combat recovery of personnel?
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These decisions rest, for the most part, with the Joint Rescue
Coordination Center (JRCC).

Although the theater Commander-in-Chief (CINC), or the Joint
Forces Commander (JFC), is responsible for setting up his own c2
network for CSAR, there is little doubt they will use the JRCC in its
traditional role as the focal point for all CSAR in their areas of
responsibility (ALFA:1-3). To better accomplish this mission, the
JRCC is normally co-located with the Tactical Air Control Center
(TACC) or, in some cases, with the Joint Operations Center (JOC).

At the JRCC there are people from each service employed as "SAR
coordinators” who receive training in the management of SAR efforts.
There is no formal training in the management of Combat SAR, although
an effort is under way to provide this training at the U.S. Coast
Guard's National SAR School (ALFA:3; Mathus, 8/24/88). JRCC
personnel also act, in certain situations, as "SAR controllers”.

Such situations might include insufficient resources or expertise at
the component (USAF, Navy, Army, or Marine) RCC, or the combination
of the JRCC and component RCCs into a single unit (ALFA:1-11). As
the component commanders exercise control of their CSAR forces
through component SAR controllers (ALFA:1-4), these coordinators and

controllers make many of the day-to-day decisions affecting the

Rescue force.

Command and control (C% at the JRCC level involves, among
other things, gathering and analyzing necessary information,
prioritizing targets (i.e. downed aircrews, isolated Special Forces

teams, or anyone else who may need rescuing), planning a recovery,
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coordinating and tasking resources to effect the recovery, monitoring
those resources both in the pre-flight and in-tlight phases of the
missiocn, and coordinating any additional support required during the
mission.

Unfortunately, the military still uses an inefficient and
sometimes ineffective approach to conduct the time-sensitive,
information-intensive planning and coordination of combat search and
re;cue missions. If one walks into a combat JRCC today, he will find
that information management and control in the JRCC has not changed
much since the Vietnam era. Historically, the decisions made in
planning for the recovery of a downed pilot in hostile territory have
been made based on information gathered from an extensive
communications network strewn about in the proverbial smoke-filled
rooms with people pouring over volumes of message traffic and
intelligence reports. This information has been presented on grease
boards, wall maps covered with acetate depicting intelligence
estimates of the order of battle (updated manually by intelligence
specialists), in regulations, manuals, and a few flowcharts and
nomograms. Judgments and decisions that went into planning a
recovery have, to a large degree, been based on personal experience.
Inadequate intelligence estimates, poor support from and coordination
with the rest of the Tactical Air Control Center (TACC), and even the
inadvertent omission of a key planning factor or two have sometimes
put crewmembers in precarious positions when tasked to execute these

plans. Although this approach is not much different than what goes
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on in the war rooms of other combat planning cells, the CSAR planning
process is unique.

Vhat makes CSAR different from any other intense, short-notice
planning function? The primary difference lies in the nature of the
"target"; usually we find it, strafe it, bomb it, stop it, kill it,
or photograph it, but nobody else has to find it, ensure its safety,
pick it up, treat its wounds, and bring it home. Another aspect of
CSAR is that the rescue force commander doesn't have operational
command of many resources that may be necessary to effect a combat
recovery. While this poses no problem for a quick, iow threat
recovery or a deep penetration clandestine rescue, resources for any
other type of CSAR mission must be acquired from people who have
other concerns as their primary mission, despite their deep interest
in and commitment to SAR. Consequently, the planners must have near
instant access to information on what resources are available, where
they are located and what their status and capabilities are. They
nust also use these resources effectively to enhance the probability
of success within the framework of broader military objectives, and
efficiently to prevent wasting valuable planning and mission time or
overburdening the TACC operators with unnecessary requests. The
concern is maximum force effectiveness with minimum unnecessary
expenditure while meeting the objectives of AFM 1-1.

The JRCC controllers must manage many different resources in
many different ways. Resources include both dedicated CSAR resources
(primarily tankers, helicopters, and pararescue teams) and non-CSAR

resources {(e.g. fighters, Forward Air Controllers, and just about
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everything else). 1In addition, the coordinators and controllers, and
the planning cells that work closely with them, must manage a deluge
of information in order to prioritize targets, plan missions, and
coordinate, task, and control resources. This information comes in
the form of messages, telephone and face-to-face conversations, TACC
input, regulations and policy, status boards, radio traffic, and
intelligence. There is very little automation in the JRCC, even the
most mundane tasks (e.g. typing messages, filling out forms, and
chasing down data) must be performed manually. The possibility of an
important fact, observatiocn, or insight being overlooked is quite
high. The consequences could be disastrous.

With this in mind, the goal of this research was to use the
tools of operations research to help the Rescue community do its job
better. Personal experience as a Rescue helicopter pilot, exercise
planner and controller for several major exercises throughout the
Pacific theater, and instructor at the USAF formal school for Combat
SAR led the author to a single conclusion: The effective and
efficient use of information in the planning and decision processes
used in the control and coordination of Rescue forces is the
bottleneck in improving the way Rescue conducts business.

With the virtual elimination of budgetary support for anything
new in the CSAR arena and the decreased emphasis on planning and
exerrising CSAR over the past several years, very little, if any,
research has been conducted into making this vital mission safer,
more efficient, and most importantly, more effective. While there

are many factors bearing on this problem (e.g. new aircraft, better
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avionics, and more effective and efficient force structures) by
addressing non-political, non-fiscal aspects of command and control,

we can possibly see results much sooner.

Research Problen

The combat experience level of US military professionals is
falling drastically. JRCC coordinators and controllers are no
exception. There are very few, if any, currently on duty who have
ever come close to managing combat rescue resources in a totally
realistic environment. In field training exercises (FTXs), where the
primary goal of rescue play is aircrewv training, if anything happens
in the RCC to create an unacceptable aircrew training environment, an
"academic situation” is called and the RCC is basically left out of
the loop. In command post exercises (CPXs), there are no aircrews.
Consequently, the objective is the training and/or evaluation of the
JRCC. Granted, the CPX planners do all they can to create a
realistic environment, but the situation is very controlled. After-
action reports reviewed and written by this author during his
exercise planning days in the Pacific theater rarely failed to
mention the inadequate capabilities of the RCC to accomplish :its
mission efficiently and/or effectively. The problem was not, and is
not the people. They are dedicated, hard-working professionals. The
problem is the process. The inability of the human mind to
adequately store and use all the information required to do the job
well is the root of the problem in the JRCC.

The best one can hope for today's controller to do in an

environment like the JRCC is to find solutions that are "good
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enough”, but not necessarily optimal. This concept, called
"satisficing" by cognitive researcher Herb Simon (Simon, 1969:38),
may no longer be appropriate in the rescue and recovery planning,
coordination, and control process in the face of today's
sophisticated threats and continued fiscal belt-tightening. In many
scenarios, the JRCC needs to optimize (assign the best resource to a
given mission, given the priority of that mission) to ensure it gives
highly trained, valuable soldiers the best chance for survival and
success.

The technology currently being used to support this life-and-
death decision-making process in the age of TVs that fit on your
wrist, cars that talk, and "a PC in every pot" is reminiscent of the
old codger who refused to give up his outhouse in favor of "sum new-
fangled terlet thang" because, after all, "the outhouse werks, don'
it?" It may work, but how well and for how long before things get
piled up too high? The influx of information into the JRCC coupled
with the decreased time available to make accurate, effective
decisions will eventually overvhelm the current system of
filefolders, greaseboards, and antiquated communications systems.
Today's science and technology offers a cornucopia of algorithms,
methods, and systems, both hardware and software, designed to help
decision makers make better decisions more efficiently. The problem
lies in determining how science and technology can best be applied in

this decision-making arena.
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Research Objective

The primary objective of this thesis was to determine what
tools from the Decision Sciences and Information Engineering
disciplines could be integrated into a system and applied to CSAR
command and control. Through the process outlined in Chapter 2, the
author determined that the JRCC needed a Decision Support System
(DSS) to integrate the necessary data and models required to assist
the decision makers. The main goal then became to design that
system, hereafter referred to as the Combat Search And Rescue
Analysis, Integration, and Decision Environment, or CSAR AIDE.

The secondary objective was to investigate advantages and

disadvantages encountered by the "user as designer"” approach.

Limitations and Assumptions

The second objective was born of necessity in that there are no
active combat oriented JRCCs in the continental U.S. The logistics
of working with overseas users negated any other approach.

The major assumptions of this thesis are:

1) Rescue will remain a separate mission with
responsibility for the accomplishment of that mission at the CINC, or
Joint Force Commander, level;

2) CINCs will employ the JRCC in its historical role as
the focus for C2of CSAR;

3) Controllers in the JRCCs want to do the best job

possible.
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Scope of Research

As of this writing, the rescue business is once again in a
state of major reorganization. This thesis effort was not designed
to be a panacea for all of Rescue's command and control problems.
The objective is to alert the rescue community, especially the JRCC,
to the advantages of modern toiletry and possibly provide decision
makers with the design of a system that, if nothing else, can serve
as a good basis for a Statement of Need for a command and control

decision support system in the JRCC.

Overview

The following chapters will show how this thesis attacked the
information-based problem and the decision processes in the JRCC.
Chapter II focuses on the methodology used to bound the problem, the
approach taken to suggest a solution, and the process by which that
solution may come about. Chapter III discusses the requirements
determined and proposed design of the DSS resulting from the
application of the methodology. 1In Chapter IV conclusions and
recommendations for further research are made. Supplementary,

detailed information is found in the appendices.
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II. Methodology

"The volume of i1nformation that staffs must process
has increased many fold since World War II, and the time
allowed for decision making has decreased many fold. As
a result the requirements on the ‘brain capacity’' of
commanders and staffs have increased vastly. To meet
these requirements by simply expanding the administrative
apparatus is fundamentally impossible...The only escape
from this incompatible situation lies iIn the extensive
application of automation, primarily computers...a 'man-
machine' system 1s more perfect than 'man’' alone or
‘machine’ alone...."

- Soviet General of the Army Shtemenko
{Wohl, 1981: 619-620)

Introduction

If the US is to meet the challenges posed by technology 1in
planning, coordinating, and executing a rescue effort, we must
exploit the technology available. The JRCC needs a system or tool
that captures and integrates, for the decision maker, the vast amount
of information available from a variety of sources. It must present
information, options, and "what if" capability in the best possible
manner for each decision maker concerned, allowing him to make the
best decisions in the time allowed.

The approach most likely to meet these needs is a Decision
Support System (DSS). This chapter will explain why. It describes
what DSS is and what it is designed tc do. Then it explains the
requirements determination and adaptive design methodology used to

formulate the requirements for CSAR AIDE.
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Decision Support Systems

A Decision Support System (DSS) is a "system (manual or
automated) that supports the cognitive processes of judgment and
choice" (Valusek, OPER 652:7/11/88 [emphasis added)). Ralph Sprague
characterizes DSS as "interactive computer based systems, which help
decision makers utilize data and models to solve unstructured
problems'" (Sprague & Watson:8). DSS are best suited to unstructured
problems where the decision maker (DM) would benefit from the ability
to integrate analysis capability (models) and data through a
"friendly" and effective Man-Machine Interface (MMI) while
maintaining his own cognitive style. 1In other words, a DSS helps the
decision maker in areas where he needs the support of models,
algorithms, and databases but doesn't want them to get in the way of
the process he goes through to make the decision. The purpose of a
DSS 13 not to automate the decision process (for that would make it
an "expert system") nor is it to impose a sequence of analysis on the
user (Sprague and Watson, 1986:48). The purpose of a DSS is to help
the decision maker use his own decision processes more efficiently
and more effectively.

A DSS has three components: the database, the model base, and
the Man-Machine Interface (MMI). These are merely technical terms
for ways to manage, analyze, and interact with information.

Databases give the user access to data and ways to manipulate the
data to provide information (useful data). MHodels provide the user
methods to analyze the data which can give the user insight into

relationships between the data and how best to use the information.
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The MMI allows the user to interact with the data and information 1in
a way that is comfortable to the user.

While a working knowledge of databases is commonplace today,
familiarization among decision makers with models and how to use thenm
is usually limited to those having to wade through the output of the
operations research branch or, if one is high enough up in the food
chain, listening to a tailored briefing of the results. With a user-
friendly MMI we can "get operations research to the end user"
(Valusek, OPER 652:8/4/88). 1In fact, a well-designed DSS means that
"end users" can be members of the lower orders in that food chain.

No longer is scientific analysis limited to major long-term studies
and quick-and-dirty responses to high-level taskings. DSS gives the
middle and lower-echelon decision makers access to models and

techniques that can help them be more effective in their day-to-day
jobs. DSS, when coupled with a user-centered design methodology, 1is
how analysts will get operations research off the shelf and into the

hands of those who can use it to make daily decisions.

Concepts of Adaptive Design

The way of designing a DSS Is different from that
of a transaction processing system. A fundamental
assumption in the traditional "life cycle" approach is
that the requirements can be determined prior to the
start of the design and development process. However,

. DSS designers literally '"cannot get to first base”
because the decision maker or user cannot define the
functional requirements of the DSS in advance. Also, as
an lnherent pa.t of the DSS design and Implementation
process, the user and designer will "learn” about the
decision task and environment, thereby identifying new
and unanticipated functional requirements.

(Alavi & Napier, 1984:21)
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Adaptive design 1s an approach to system design. It denotes an
evolutionary process by which a system 1s developed to meet user
needs as perceptions of the problem and its solution change over
time. Adaptive design differs from traditional (or "life-cycle")
design in that it 1is iterative. That means the user does not have to
state all end requirements up-front, "freeze" requirements, and then
live with whatevar the builder delivers at a later date. On the
contrary, the adaptive approach allows the user to be much more
active in the wevolution of the system and what it will and should
eventually do, adjusting his "requirements" as his perceptions
change.

User-Designer-Builder. This thesis defined player roles in

terms of applying adaptive design to efforts designed to meet the
needs of those operational military decision makers who do not
possess an over-abundance of spare time and whose budgets are limited
to providing them the capability to maintain the status quo. There
are a few underlying assumptions beneath this particular assignment
of roles. First, the user is a very busy person. While he may be
quite capable of performing his own requirements determination, he
just doesn't have the time. Second, as is more often the case, the
user is not capable of performing that determination without some
help. He may know "there must be a better way" but he probably
doesn't know how to express those needs. Third, a designer 1is
available.

There are three key players in adaptive design: the user, the

designer, and the builder. The user 1s the decision maker the DSS is
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designed to support. The adaptive design methodology being
researched at the Air Force Institute of Technology (AFIT) strives to
ensure the design process has a minimal disruptive impact on the
user. Because the user's time is considered a critical resource and
must be divided among the processes of Information Requirements
Determination (IRD, discussed below), development, and evaluation,
the process employs a designer who works at the user's convenience
under the assumption that he will have a maximum of three one hour
sessions with the user in order to bound the problem (Valusek,
1988:107).

The designer is someone who can speak the languages of both the
user and the builder. His education must include database
fundamentals, analytical modeling techniques, and computer
capabilities and MMI. His job is to accurately translate the user's
perception of need into a requiremeats statement that is easily
understood by the builder.

The builder is a computer scientist who accomplishes a
technical analysis of the requirements, transforms the user's design
into database, model, and interface technical design specifications,
and builds the DSS based on the evolving needs of the user coupled
with available technology.

Determination of Requirements. Vaiusek and Fryback "use

‘information requirements determination' (IRD) to refer to the early
process of developing a descriptive list of candidate requirements,
detailing those requirements as much as possible over time, and then

gaining an idea of their relative importance. [They] feel the label
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‘information requirements analysis' (IRA) refers to a later process
of winnowing, reconciling, transforming and fully detailing the set
of candidate requirements into a specification for a viable system"

(Valusek and Fryback, 1985:107).

Information Requirements Determination (IRD). In

adaptive design, IRD is accomplished by the user (or user and
desiqner) gaining a thorough insight into exactly what the problem
is, what its bounds are, and what processes are used to solve the
problem. The method used to accomplish this in this research is
concept mapping.

Concept Mapping. The theory behind concept mapping

lies in education research. According to researchers Novak and
Gowan:
"Concept maps are intended to represent
meaningful relationships between concepts in the form
of propositions. Propositions are two or more concept
labels linked by words in a semantic unit. In its
simplest form, a concept map would be just two concepts
connected by a linking word to form a proposition”
(Novak & Gowan, 1984:15).
Figure 2.1 illustrates a simple concept map of "aircraft”.

Note that each propositional statement that includes the concept

helps to increase the understanding of that concept.
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Figure 2.1. Simple concept map

Concept maps are not only a "knowledge representation” schenme,
like so many other methods we read about in education and artificial
intelligence literature where the objective 1s to illustrate what is
known about a particular concept, but they also represent a powerful
technique which serves as an easy-to-use-and-understand "knowledge
acquisition"” tool (McFarren, 1988:88). "Concept maps present .
information in the same manner that man stores information in his
brain thus making it easier for others to understand his cognitive
process” (McParren, 1988:13).

Concept maps made of or by different individuals concerning the
same problem or process can yield significantly different
relationships and concepts. Even maps of the same individual can
change over time as the individual's perception changes or as he
becomes more familiar with the subject (McFarren:101). Granted, this
is a very superficial treatment of the power of concept mapping, but

the simplicity of it will present itself shortly.
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Concept mapping was used to bound and structure the problenm,
and to determine where to begin designing the system. It was also
used as a means to gain insight into the decision maker's thought and
decision processes.

Information Requirements Analysis (IRA). This stage of

adaptive design is where the designer and builder turn the user's
needs into an actual technical design specification--one key area at
a time. The user need not be involved in the technical detail of
IRA.

Design vs. Implementation. The reader should note that there

are actually two "design" processes being conducted (Valusek,
personal discussions: 4/89). The user design is geared to illustrate
his actual requirements, wvhile the builder design reflects what is

currently "do-able". Figure 2.2 illustrates this relationship.

EVOLVING REQUIREMENTS EVOLVING TRCBNOLOGY

USER'S BUILDER'S

TECHNICAL

REQUIREMENTS

—————t DESIGN —— DSS

IMPLEMENTATION

Figure 2.2. User"Design” vs. Builder "DESIGN"

Figure 2.3 shows the evolution of the desired capability

disregarding technology available (represented by the storyboard to
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be discussed later) and evolution of the actual DSS implemented. The
DSS evolves by applying technology and new understandings of user
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